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The ontogeny and morphology of the tuber of Gloriosa superba are investigated . This perennial organ (tuber) was pre-
viously classified as a rhizome, root stock or tuber. We consider this organ to be a hypopodial tuber mostly consisting 
of two metamorphous hypopodia with an apical bud enveloped by a prophyll, all covered by the remains of leaf bases. 
Separation of the mostly bilobed hypopodial tubers produced a higher percentage of flowering plants than undivided 
tubers. 
Die ontogenie en morfologie van die knolle van Gloriosa superba word in die artikel ondersoek. Hierdie meerjarige 
orgaan (knol) is voorheen as 'n risoom, wortelstok of knol geklassifiseer. Die skrywers beskou die knol as 'n hipopodi-
ale knol wat meestal uit twee metamorfiese hipopodia met 'n apikale knop omring deur a profil bestaan. Die knolle 
word verder deur die reste van blaarbasisse omring. Verdeling van die meestal tweelobbige hipopodiale knolle het 'n 
hoer blomproduksie as onverdeelde knolle tot gevolg gehad . 
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Introduction 
Gloriosa superba L. (Colchicaceae) is a herbaceous, annual 
climber with a perennial, subterranean tuberous part. Plants of 
this species became an economically important crop because of 
the valuable alkaloid colchicine contained at high concentrations 
within the tuberous parts and seed (Dvorackova et al. 1984). 
Recently there has been an increasing demand for this alkaloid, 
but supplies from conventional sources such as species of Col-
chicum and Iphigenia have not been sufficient (Sarin et al. 
1974). A study of the reproductive system of Gloriosa superba is 
of importance in order to ensure supply of suitable raw material 
to the industry without endangering the existence of natural pop-
ulations. 
Seed germination of some Gloriosa species and cultivars has 
been investigated by Narain (1977). The anatomy and accumula-
tion of chemicals in the perennial organs was described by 
Breyer-Brandwijk (1934), Burden et at. (1955) and Mehra and 
Khosoo (1951). The vegetative reproductive organ has been clas-
sified as a rhizome by various authors (Dayanadan et at. 1986; 
Mehra & Khosoo 1951; Narain 1977), while others refer to it as a 
corm (Dahlgren et at. 1985), a root stock (Breyer-Brandwijk 
1934) or a root tuber (Burden et al. 1955). Inaccurate classifica-
tion of the vegetative reproductive parts emphasized the neces-
sity for correct interpretation of these tuberous organs by means 
of a detailed ontogenetic study, described in this paper. The onto-
genetic stages between seed germination and first tuberous 
organs have not yet been described. 
This paper reports on seed germination, ontogeny and mor-
phology of the tuberous organs responsible for vegetative repro-
duction in Gloriosa superba. The effect of separation of 
subterranean parts on plant reproduction is studied. 
Materials and Methods 
For seed germination the sarcotesta was removed. The seed were 
sterilized in I % hypochlorite with a waterjet vacuum for 5 min, 
rinsed four times in distilled water, placed in Petri dishes on wet 
filter paper and incubated at 22°C for 34 days, with a 12h: 12h 
alternatively light/dark cycle. Seedlings were then transplanted to 
sandy soil and kept in a glasshouse. 
For light microscopical examination, seed and seedlings were 
dissected and fixed in 5% gluteraldehyde solution, buffered with 
0.075M sodium phosphate (pH 7.4). A solution of 0.5% caffeine 
(Mueller & Greenwood 1978) was added to stabilize the phenolic 
compounds. The material was embedded in glycol methacrylate 
(GMA), sectioned at 2-4 !lm using conventional methods, stained 
with Periodic acid/Schiffs reagent and toluidine blue (O'Brien & 
McCully 1981), and studied with a Nikon Optiphot light 
microscope. Some of the seedlings were fixed in formaldehyde-
acetic acid-alcohol (FAA) and cleared in Herr's solution (Herr 
1971). These preparations were viewed with phase contrast optics 
and dark-phase illumination. 
For vegetative reproduction experiments, 500 mature tuberous 
organs were studied and 134 of these mostly bilobed organs 
(henceforth called tubers) were divided into two. Separated and 
intact tubers were planted separately to compare possible differences 
in plant production. Tubers were stored in dry vermiculite during the 
last part of the previous growing season. At the onset of the new 
season, tuberous parts were removed from vermiculite and grown in 
50 dm3 containers in a mixture of well-drained potting soil. At the 
end of the flowering season, the tubers were again stored in 
vermiculite. The fresh weight and weight reduction of tubers in 
vermiculite were recorded at regular intervals during the storage 
period. Tuber dry weight was obtained by placing mature tubers in 
an incubator at 6Q°C for a period of 15 days. 
Results 
Germination and tuber ontogeny 
The pale orange, sarcotestal, desiccated seeds of G. superba have 
a dormancy period of about 4 months. Under suitable conditions, 
aged seeds start germinating 13 (±2) days after imbibition. The 
linear embryo (Dahlgren & Clifford 1982) is 2.0-2.5 mm long 
and is embedded in the predominantly proteinaceous endosperm. 
During germination the haustorial cotyledon elongates, while 
the embryo axis is pushed out of the seed (Figure lA). The coty-
ledon remains embedded in the endosperm and its haustorial 
function continues for at least 40 days after germination. The 
stem axis elongates in such a way that the cotyledon remains 
below ground, typical of hypogeal germination. The plumular 
leaves emerge through a collar pore formed by the cotyledonary 
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Figure 1 Developmental stages G. superba from seed to tuber formation. A. Germinating seed with haustorial cotyledon remaining 
embedded in the predominantly proteinaceous endosperm. (C, cotyledon; E, endosperm; P, plumule; Pr, primary root). B, Seed with at least 
two successive photosynthetic leaves where the base of the stem starts increasing in width. (PI, plumular leaves; Cs, cotyledonary sheath; Sb, 
swollen stem base; A, adventitious roots). C. A transverse section of the stem base showing the dormant bud primordia and the shoot apical 
meristem surrounded by at least two leaf bases. (S, shoot apical meristem; L, leaf bases; B, bud primordia; A, adventitious root). D. A trans-
verse section of the stem base illustrating the elongation of the basal internode to give rise to a tuberous lobular hypopodium. (S, shoot apical 
meristem; L, leaf bases; B, bud primordia; Bi, basal internode; A, adventitious root). E. A transverse section of the bifurcate hypopodial 
tuber, covered by leaf bases, with buds lodged at the extreme tips of the hypopodium. (L, leaf bases; Ht, hypopodial tuber; B, bud primordia; 
A, adventitious root). F. The gradually decaying parent hypopodial tuber of the previous season of which the dormant buds have become 
active to give rise to the new season's aerial and perennial parts. (As, aerial stem; L, leaf base; Dt, decaying hypopodial tuber; Db, developing 
bud; Bn, dormant new seasonal bud). 
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sheath (Figure IB). Root primordia arise endogenously in the 
stem tissue, giving rise to an extensive adventitious root system. 
A well-developed vascular system branches from the cotyledon 
into the primary root and the first photosynthetic leaf primordia. 
After the seedling has developed at least two photosynthetic 
leaves, the base of the stem starts to swell (Figure lB). The seed-
ling goes through a rosette stage with two or more leaves before 
the internode below the apical bud elongates. Depending on the 
number of leaves in the rosette stage, the swollen stem area con-
tains mostly two (Figure IC) and sometimes three or four buds. 
The lowest of these buds is more advanced (Figure I C) than the 
other(s). Buds remain dormant for the rest of the growing season 
while the cells below the young bud primordia start dividing 
actively. The meristematic tissue at the base of one or more buds 
elongates by means of intercalary growth to give rise to a tuber-
ous, lobular hypopodium (Figure ID), leaving the bud intact and 
enveloped by a prophyl at the tapered tip of the hypopodial 
tuberous part. The tuberous hypopodium initially elongates hori-
zontally, becoming gravitropic to form a swollen cylindrical sub-
terranean tuberous organ with vertical orientation. Through 
hyponastic growth, the basal part of the bud is displaced towards 
the terminal position resulting in an 'anatropous bud' (Figure 
IE). Usually two or more buds are displaced in the same manner 
as soon as the first hypopodium has made its appearance, to give 
rise to bi-, tri- or four-furcate hypopodial tubers. Through inter-
calary growth, the leaf bases grow out to keep pace with the 
elongating hypopodium, forming a veined leaf-like sheath sur-
rounding the tuber (Figure 2B). 
The terminal bud gives rise to the herbaceous aerial stem. Dur-
ing the first growing season a seedling with 5-7 leaves remains 
alive for 3-4 months after which the aerial shoot dies, leaving a 
small bilobed hypopodial tuber (Figure 2B) in the substrate, with 
dormant buds lodged at the extreme tips. The remains of clearly 
veined leaf bases on newly developed tubers are quite striking. 
During the following growing season the apical meristem of 
the dormant bud becomes active, forming an aerial shoot and 
adventitious root system for the new season (Figure IF). The 
parent tuberous part of the previous season gradually becomes 
depleted of reserves and shrivels, probably while supplying pre-
dominantly starch reserves to the new plants. As soon as the aer-
ial stem has developed about 5-7 leaves, the first signs of 
hypopodial tuber formation reappear, with the basal part of the 
stem becoming swollen. The same bilobed hypopodial struc-
tures, with dormant buds at their extreme tips and surrounded by 
r ' . 
~ J 1' . . 
f 
~I 
A B 
323 
leaf bases, protrude from the basal stem tissue (Figure 2A) fol-
lowing the same developmental pattern as the seedlings (Figure 
IF). 
A transverse section of the mature tuberous hypopodium 
shows scattered vascular bundles throughout the starch-filled 
cortical tissue, which is typical of the monocotyledonous stem. A 
thin layer of the remaining leaf base tissue with veins can easily 
be distinguished in mature tubers (Figure 2A). 
Vegetative reproductive experiments (see Table 1) 
There was a distinct difference in plant reproduction between 
undivided, mostly bifurcate tubers with a bud lodged at the 
extreme tip of each cylindrical lobe and divided lobes containing 
only one bud each. Division of the tubers resulted in a 50% 
increase in well-developed flowering, herbaceous stems. In undi-
vided tubers, One bud per tuber developed while the other bud 
was inhibited, with the result that sprouting of the inhibited bud 
was retarded or even prevented. In undivided tubers, 63% of the 
buds developed into mature flowering plants, while the remain-
ing 37% formed short herbaceous stems with five to seven leaves 
and no flowers. 
Discussion 
Narain's (1977) studies on seed germination in C. superba 
showed that seeds had a dormancy period of 6-9 months and, 
owing to the hard seed coat, about 29-30 days were required for 
germination. The shorter dormancy (4 months) and germination 
period (13 days) acquired in this trial can be ascribed to the 1% 
hypochlorite pretreatment of seed. Chemical scarification of a 
hard seed coat usuaIIy permits the seed to absorb water and oxy-
gen, thus promoting germination (Salisbury & Ross 1985). A 
shorter dormancy period implies that three instead of one or two 
Table 1 The effect of tuber division on the development 
of flowering stems from buds of G. superba 
Percentage of 
Percentage of buds devel-
Number Number buds producing oping into non-
of tubers of buds flowers flowering stems 
Undivided 134 268 63% 37% 
Divided 215 215 97% 0% 
5mm 
Figure 2 A. A micrograph of the bilobed hypopodial tuber formed by a bud from the previous season's hypopodial tuber. (As, aerial stem; 
P, parent hypopodial tuber; A, adventitious roots; Lr, leaf base remains). B. A micrograph of the small, bifurcate hypopodial tuber with veined 
leaf base remains formed from seed during the first growing season. (As, aerial stem; VI, veined leaf base; A, adventitious roots). 
324 
seedling generations could be raised per year. 
Some authors considered the subterranean parts to be root 
stocks (Breyer-Brandwijk 1934) or root tubers (Burden et al. 
1955). Our transverse sections of the hypopodium show that it 
contains scattered vascular bundles as well as axillary buds at the 
hypopodial tips. Thus, tuberous parts do not originate from a root 
system but showed characteristics typical of monocotyledonous 
stems. Others considered the tubers to be rhizomatous (Day-
anadan et at. 1986; Mehra & Khosoo 1951 ; Narain 1977) or cor-
mous (Dahlgren et at. 1985). Both above-mentioned storage 
organs consist of nodes and internodes associated with buds 
bearing either scale or foliage leaves or leaf scars where these 
leaves have been lost (Bell 1991). Tubers of G. superba also 
originate from stem tissue similar to rhizomes and corms, but in 
contrast consist of a hypopodium with an axillary bud enveloped 
by a prop)1yll, all covered by the remains of the leaf bases. There 
was no sign of scale or foliage leaves, which are usually associ-
ated with buds, on the hypopodial parts of G. superba tubers 
except for the one, anatropically displaced dormant bud situated 
on each extreme tapered tip of a tuber. Vegetative multiplication 
by means of bud replacement on an extended axis, dropper or 
hypopodium has been described in the geophytic plants Hermin-
ium monorchis and Ixia conica (Bell 1991). 
In G. superba the perennial parts frequently consist of a pair of 
stem tubers hanging downwards, united at their bases by means 
of the basal node of the ephemeral aerial stem. These resemble 
the storage organs of some Australian Drosera and Tribonanthes 
species which reproduce vegetatively by means of a single axil-
lary shoot or dropper extending vertically, and owing to eccentric 
growth of the tuber its apical meristem eventually becomes dis-
placed from the base to the top of the developing tuber (Pate & 
Dixon 1982). Dormant buds of G. superba are simply displaced 
during the formation of two or more extended, tuberous hypopo-
dia after which the aerial parts die back. During the next growing 
season, the dormant buds become active, forming the new sea-
son's shoot and adventitious root system. After each growing 
season, two or more hypopodial tubers are left in the substrate 
while the previous season's tubers start shrivelling. Disintegra-
tion of vegetative organs of the previous season is a well-docu-
mented phenomenon in plants that reproduce vegetatively by 
means of rhizomes, corms and tubers (Bell 1991). In Drosera 
and Tribonanthes species, tuber replacement differs in that the 
single pair of stem tubers consists of the parent tuber, formed 
from the previous season, and the replacement tuber formed dur-
ing the last season's growth. 
There was a significant difference between divided and nor-
mal, undivided hypopodial tubers of G. superba. In undivided 
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bilobed tubers, however, sprouting of one of the buds was 
delayed and flowering was inhibited. The buds on the tips of 
divided tubers formed normal herbaceous flowering stems and 
there was no delay in tuber bud sprouting. Tuber division thus 
increased vegetative reproduction. Sepatation of the tuber lobes 
had no negative effect since plants from divided tubers devel-
oped without delay, while flower and eventually seed production 
was also favoured. 
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